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Recent studies conducted by Birmingham,
t al. have shown that harvesting celery is fre-
quently associated with the development of
vesicular and bullous lesions of the skin (1). It
was found that the diseased celery contained a
phototoxic material which is highly reactive on
human skin. Preliminary examination of this
material revealed the following characteristics.
First, by spectrophotometric analysis, it re-
sembled a furocoumarin compound and possessed
an absorption spectrum similar to irradiated
S-methoxypsoralen. Secondly, the action spec-
trum of the substance which produced the photo-
toxic response occurs with radiation between 3200
and 3700 Angstroms.
These studies did not indicate that this sub-
stance exists in normal celery, yet it is abundant
in diseased celery (pink-rot fungous infection).
No attempt was made to isolate and characterize
the toxic component beyond the spectrophoto-
metric analysis. However, the preliminary ex-
amination and the similarity of cutaneous be-
havior between the toxic component and pure
furocoumarins strongly suggested that the toxic
component of diseased celery was probably re-
active furocoumarins. It was on this premise that
a subsequent study was performed by the Derma-
tology Section, with assistance from the Toxi-
cology and the Physical and Chemical Analysis
Sections of this laboratory, in which two furo-
coumarins were isolated from pink-rot celery (2).
By chemical and physical analyses, they were
identified as 8-methoxypsoralen and 4,5', 8-
trimethylpsoralen.
The purpose of the laboratory investigation
being reported here was the use of a biologic
method with the following objectives:
1. Location of toxin in plant tissue.
* From the U. S. Department of Health, Educa-
tion, and Welfare, Public Health Service, Division
of Occupational Health, Cincinnati 2, Ohio.
t Present Address: Vanderbilt University
School of Medicine, Nashville, Tennessee.
t Presented at the 143rd Annual Meeting of The
Anierican Cheniical Society (Division of Biologic
Chemistry), Cincinnati, Ohio, January 14, 1963.
Received for publication May 4, 1963.
267
2. Preservation of chemical components of
celery.
3. Quantitation and comparison of cutaneous
reactions produced by the isolated furo-
coumarins with pure synthetic furocouma-
rins.
4. Specificity of Sclerotinia selerotiorum in
making celery photoreactive.
5. Laboratory production of pink-rot celery.
The bioassay method employed to determine
cutaneous activity of furocoumarins was similar
to that described by Pathak and Fitzpatrick (3).
We used albino rabbits rather than guinea pigs
as experimental animals. It has been our experi-
ence that rabbit skin gives more consistent results:
it is an excellent medium for determining primary
irritation, it allows a larger surface area for
anointing, and rabbits remain positioned for
longer periods of time than guinea pigs.
The furocoumarins were dissolved iii acetone,
which is reported to be a superior solvent for these
compounds (4). Five hundredths of one milliliter
per square inch of skin surface of various concen-
trations were applied to the shaved backs of
rabbits. Following a lag period of 30 minutes, the
skin sites were irradiated by placing the rabbit
under a Wood's Light eniitting 3650 Angstronis at
a distance of 6 inches, for one hour. Readings
were made at 24, 48, 72, and 168 hours for inten-
sity of reactions. All test sites were controlled
with a known concentration of a pure furocou-
mann, as well as an acetone control site.
METHODS AND RESULTS
1. Location of Toxin in Plant Tissue
Musajo (5) ha isolated photoreactive furo-
coumarins from celery; however, it is not clear
whether his work was done with diseased or
normal celery, or a combination of the two. In
limited studies with normal celery, we were not
able to Produce cutaneous lesions either on hu-
man subjects or on rabbits exposed to summer
sunlight or artificial light All of our work so far
has indicated that in some way Sclerotinia
fungus attacks the normal plant, altering its
chemical composition, producing pink-rot disease,
and causing it to be reactive on the skin. If the
photoreactive furocoumarins are present in
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normal celery, then, obviously, cutaneous
reactions would occur and the only role of the
fungus would be to cause unmarketable rotted
celery.
To help clarify this situation, a more detailed
study was performed on both normal and pink-
rot celery.
a. Normal Celery. Fifteen kilograms of normal
celery* was cut into two inch sections from the
base of the stalk to and including the leaves and
placed in separate beakers. Each two inch section
was then ground in a Waring Blendor and ex-
tracted with petroleum ether. The ether extracts
and water portions were separated, and con-
centrated to five-milliliter volumes.
Five hundredths milliliter of each extract was
placed on one square inch sites of the arms of
each of ten laboratory workers. Control test sites
consisted of 0.05 ml of 0.1% psoralen and 0.05 ml
of acetone. Following a 30 minute lag period, the
sites of five volunteers were exposed to 30 minutes
of 11:00 am. July sunlight and the sites of the
remaining five volunteers were exposed to one
hour of Wood's Light at a distance of 6j' inches.
The celery extract and acetone test sites were
negative in all of the subjects for a period of one
week (duration of the post-exposure readings).
The psoralen test sites produced varying degrees
of reactions in 24 hours, ranging from erythema
(two Wood's Light subjects), erythema and
edema (three Wood's Light and three sunlight
subjects), to vesiculation (two sunlight subjects).
The identical experiment was repeated on the
shaved skin of 10 normal rabbits with similar
results, i.e. all celery extract and acetone sites
remained negative and the psoralen test sites
produced erythema, edema and eschar formation
in all five rabbits exposed to sunlight.
The various ether extracts were combined and
concentrated to a volume of one ml, as were the
water portions, resulting in two concentrated
extracts. Repeated applications of 0.05 ml per
square inch of these extracts, as well as the control
psoralen and acetone, were made to shaved skin
of five rabbits at hourly intervals for four such
applications. Thirty minutes following the last
application, the rabbits were exposed to one hour
of 11—30 am. July sunlight.
The celery extract and acetone test sites re-
mained negative for one week, and the psoralen
test sites resulted in eschar formation on all five
* Mr. Robert Lemke, District Engineer, Michi-
gan Department of Health, Grand Rapids, sup-plied the pink-rot and normal celery used in this
study.
rabbits. This final test with normal concentrated
celery extract was considered a severe test, and
all of these tests clearly demonstrated, by use of
the bioassay method, that normal celery did not
contain photoreactive furocoumarins.
h. Pin/c-Rot Celery. The procedure for dividing
the pink-rot celery into two inch sections varied
slightly from that of normal celery. The actual
pink-rot area was cut from each section of each
stalk, regardless of its location, and placed in a
separate beaker. Then two inch sections were
removed up and down the stalk. The ether extrac-
tions and concentrations and the bioassay on
rabbit skin were exactly the same as for normal
celery. The results, however, were quite different.
All of the water extract and acetone sites were
negative for one week. The ether extract of the
sections containing the actual pink-rot areas,
as well as the sections next to the pink-rot areas,
produced eschar formation on the rabbits. The
ether extract of the other two inch sections of
the pink-rot stalk (which appeared normal) were
negative for one week.
These tests demonstrated first, that all of the
toxic components were soluble in ether, and that
no toxic components remained in the water por-
tion of the celery; secondly, that only pink-rot
celery was capable of producing the cutaneous
reactions, and third, that only the actual pink-rot
areas and the areas immediately adjacent were
photoreactive.
2. Preservation of Chemical Components of Celery
During the celery harvesting season, pink-rot
celery is readily available, and growers were most
cooperative in supplying us with any amount
requested. However, the vast quantities needed
for study over long periods of time when it is
not available, storage facilities, plus the spoilage
factor, presented the need for a method of pre-
serving the celery so that its chemical structure
would not be altered, and at the same time, re-
duce the bulk of the material.
This was accomplished by dicing the pink-rot
areas of the diseased celery into small cubes and
then grinding them in a Waring Blendor to a
slurry consistency. The slurry was then trans-
ferred to glass evaporating dishes and frozen.
The frozen material was then placed in a freeze-
dry apparatus until all the water had been re-
moved by vacuum and the resultant celery tissue
dry. The tissue was then ground in a mortar to a
fine powder. In this state, the chemical con-
stituents are preserved for years (6).
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To test the preservation of biologic activity
in the dried pink-rot celery, portions were ex-
tracted with petroleum ether and the extract
assayed on rabbit skin in the usual manner.
Periodic checks on its activity for over a year have
demonstrated that a high order of activity was
maintained in the dried state. Normal celery has
been preserved in the same manner.
3. Quantitation and Comparison of Cutaneous Re-
actions Produced by the Isolated Furocoumarins
with Pure Synthetic Furocoumarins
As stated earlier, two furocoumarins, 8-me-
thoxypsoralen and 4,5', 8-trimethylpsoralen, have
been isolated from pink-rot celery (2). This was
accomplished by application of chemical and
physical procedures to lyophilized pink-rot
celery. In order to, first, determine biologic ac-
tivity of the isolated crude crystals, and finally,
establish a quantitation of cutaneous activity on
the recrystallized and purified products, the
biologic assay method was employed, using nor-
mal rabbit skin and Wood's Light.
a. Bioassay of Activity of Crude Pink-Rot
Crystals. Each of the two isolated crystals was
dissolved in acetone and placed on shaved skin
of a normal rabbit, using 0.05 ml portions of four
dilutions, ranging from 50 ag/sq in to 5 ag/sq in.
Control test sites included 0.05 ml of petroleum
ether concentrate from which the crystals were
obtained, 0.05 ml of the water-alcohol "mother
liquor" from which they were recrystallized, and
0.05 ml of acetone. The rabbit was then irradiated
under Wood's Light for one hour.
All test sites except the acetone site revealed
2 + to 3 + reactions in 24 hours, which persisted
at this level for one week. The fact that the
petroleum ether concentrate and "mother liquor"
test sites had positive reactions indicated that
complete removal of the crystals had not been
accomplished.
b. Quantitation of the Purified Crystals. The
above assay established that the isolated crystals
possessed a high order of biologic activity. Fol-
lowing further separation and purification tech-
nics, identification made by ultraviolet and in-
frared spectrophotornetric analyses, melting
points and carbon-hydrogen determinations
showed that the crystals isolated were 8-me-
thoxypsoralen and 4,5' ,8-trimethylpsoralen. The
bioassay was used as another step in their identi-
fication, by comparing their activities to pure,
synthetic identical compounds.
The following concentrations of the two iso'-
lated furocoumarins, two identical synthetic
furocoumarins, and pure psoralen (as a control)
were made in acetone: 10, 7.5, 5, 2.5, 2, 1.5, and
1 tg/O.OS ml. Following application of 0.05 ml/sq
in on the shaved skin of two normal rabbits of
each furocoumarin, the rabbits were irradiated
for one hour under Wood's Light.
Both the isolated and synthetic 8-methoxy-
psoralen produced a 1 + reaction at a concentra-
tion of 1.5 jig/sq in, and both were negative at a
concentration of 1.0 jig/sq in. However, the
isolated and synthetic 4,5',S-trimethylpsoralen
and the psoralen produced a 2 + reaction at a
concentration of 1 jig/sq in.
In order to quantitate further the activity of
the 4,5',S-trimethylpsoralen, further dilutions
of the isolated and synthetic materials, as well as
psoralen, were made as follows: 0.5, 0.25, 0.1,.
0.05, and 0.01 jig/0.05 ml. Again, 0.05 ml of
each were applied to two normal rabbits, and
the rabbits irradiated under Wood's Light. These
same dilutions and exposures were made with the
isolated and synthetic 8-methoxypsoralen to
confirm their activity.
The isolated and synthetic 4,5', 8-trimethyl-
psoralen and psoralen produced 1 + reactions at a
concentration of 0.1 jig/sq in, and were negative
in the lower concentrations. The isolated and
synthetic 8-methoxypsoralen were negative at
the concentrations of 0.05 to 0.01 jig/sq in. Table
1 summarizes this quantitative biologic assay of
all of these furocoumarins.
It may be readily observed that cutaneous re-
actions observed between isolated and synthetic
8-methoxypsoralen are identical and their biologic
activities are 1.5 jig/sq in. Isolated and synthetic
4,5', 8-trimethylpsoralen were also identical in
their cutaneous responses, and were also identical
to psoralen. These furocoumarins have a biologic
activity of 0.1 jig/sq in, which is 15 times more
active than 8-methoxypsoralen.
4. Specificity of Sclerotinia sclerotiorum in
Making Celery Photoreactive
It has long been recognized that the fungus,
Scierotinia sclerotiorum, causes pink-rot disease
of celery. Birmingham has cited a number of in-
vestigators who postulated that handling the
diseased plant could elicit a photosensitive re-
sponse; however, he was the first to prove
clinically that pink-rot celery contains a photo-
reactive material which can produce bullous
lesions on human skin (1).
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TABLE 1
Quantita lion and comparison of 72 hour responses
elicited by isolated and synthetic furocoumarins
on rabbit skin exposed to Wood's light
Skin
Surface
Area
8-Methoxy-
psoralen
Isolated 3?jc
4, 5',8-Trimethyl-
psoralen
Isolated
Psoralen
(Control)
pg/sq in
10
7.5
5.0
2.5
2.0
1.5
1.0
0.5
0.25
0.1
0.05
0.01
2+
2+
1+
1+
1+
1+
0
0
0
0
0
0
2+
2+
1+
1+
1+
1+
0
0
0
0
0
0
4+
4+
4+
4+
3+
2+
2+
1+
1+
1+
0
0
4+
4+
4+
4+
3+
2+
2+
1+
1+
1+
0
0
—
4+
4+
—
3+
2+
2+
1+
1+
1+
0
0
0 = Negative reaction.
1+ = Erythema.
2+ = Erytherna and edema.
3+ = Erythema, edema and slight scaling.
4+ = Eschar formation.
— = Dilution not tested.
In addition to Sclerotinia, it is well known that
other fungi cause rotting and diseases of various
plants, including celery (7). To determine if
celery which had become diseased by other fungi
could produce a phototoxic response similar to
that caused by Sclerotinia, the following experi-
ment was conducted.
Through the courtesy of E. F. Guba, Research
Professor of Botany, University of Massachu-
setts, Amherst, the following cultures were ob-
tained:
1. Bacillus carotovorus—common cause of de-
cay of over-ripe celery, cabbage, turnip,
melon, carrot, etc.
2. Botrytis cinerea—cause of disease of orna-
mental fruit and vegetable plants in culture,
storage, and transit. Destructive to vege-
tables in greenhouse.
3. Rhizopus nigricans—attacks all kinds of
fruits and vegetables in storage.
4. Penicillium expansum—cause of decay of
fruits and vegetables in storage.
cultures, placed in glass containers, and left at
room temperature. After 72 hours, it was observed
that each stalk was in a diseased or decomposed
state. The juice was extracted from the plants by
squeezing through cheesecloth, and concentrated
to 5 ml volumes.
Seven one square inch areas were shaved on the
back of a normal rabbit. To area 1 was applied
0.05 ml of the juice of celery infected with Bacillus
carotovorus, to areas 2, 3, and 4 were applied 0.05
ml of the juice from celery infected with Botrytis
cinerea, Rhizopus nigricans, and Penicillium
expansum, to area 5 was applied 0.05 ml of thejuice from pink-rot celery, to area 6 was applied
0.05 ml of the juice of normal celery, and to area
7 was applied 0.05 ml of distilled water (control
site).
After a 30 minute lag period, the rabbit was
exposed to Wood's Light for one hour in the usual
bioassay procedure. Reading of test sites after 24
hours revealed a 1 + reaction to test site 5 (pink-
rot area); all others were negative. Site 5 reached
a 2+ reaction by 72 hours; all other sites remained
negative.
The identical procedure was then performed on
eight laboratory workers, with identical results,
i.e. only the pink-rot area was reactive.
There was no cutaneous effect produced either
on rabbit or human skin by the celery diseased
by the four other fungi. Thus, it was concluded
that only Sclerotinia sclerotiorum causes the dis-
ease which produces the dermatitis.
5. Laboratory Production of Pink-Rot Celery
After successful'y decomposing normal celery
in the laboratory by inoculation with various
fungi, the possibility existed that pink-rot could
be produced in normal celery in a similar man-
ner. We did not have a pure culture of Sclerotinia
sclerotiorum for inoculation of the celery. There-
fore, the following method was used.
A two inch area of pink-rot from a diseased
celery plant was removed and placed into the core
of a normal celery stalk. The stalk was wrapped
in wet cheesecloth and left at room tempera-
ture. In 24 hours, several small areas resembling
pink-rot appeared on the normal stalk adjacent
to the implanted two inch section. In 48 hours,
several more areas were noticed and at the end of
72 hours, the entire plant had a typical "pink-rot"
appearance.
Several such pink-rot appearing areas were
removed, the juice expressed and applied to
rabbit skin, and the usual lag period and irradia-
tion of the test sites was employed. In 24 hours,
the test sites revealed a 2+ reaction, thereby
indicating that the method of producing pink-rotEach of four stalks of fresh normal celery was
inoculated with the organisms of the above celery was successful.
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Several more transplants from laboratory pink-
rot celery to normal celery, producing pink-rot,
were carried out, and in each instance the bio-
assay revealed phototoxie reactions. Thus, it was
possible to maintain a small but continuous
supply of pink-rot celery for an indefinite period.
SUMMARY AND CONCLUSIONS
A bicassay method has been adapted and
utilized to determine the biologic activity of the
phototoxic components of diseased celery. The
method has the advantages of using laboratory
animals as test subjects, and artificial light as
the souree of irradiation.
The method of preserving the plant tissues,
combined with the bioassay, makes it possible
to conduct this type of cutaneous phototoxic
study in any season of the year, particularly in
the winter, when natural sunlight and plant ma-
terial are scarce.
Concentrated extracts of large amounts of
normal celery failed to produce cutaneous re-
actions. Only the actual "pink-rot" area and the
immediate adjacent areas of the diseased plant
elicited hototoxic responses.
The assay was employed to quantitatively
compare skin lesions produced by the two iso-
lated furocoumarins, 8-methoxypsoralen and
4,5', 8-trimethylpsoralen, with those produced by
correspondingly identical pure synthetic furocou-
marins. The sensitivity of the method is such
that cutaneous reactions of 1.5 pg/sq in for 8-
methoxypsoralen and 0.1 pg/sq in for 4,5',8-
trimethylpsoralen, respectively, were clearly
delineated, and served in the identification of
these compounds.
In addition to the spectrophotometric analysis,
the bioassay established that the biologic be-
havior of the toxic component of the furocouma-
rins has a similarity to irradiated 8-methoxy-
psoralen.
This study demonstrated that only pink-rot
diseased celery produced phototoxic reactions.
Normal celery, in repeated tests on human and
rabbit skin, failed to produce cutaneous irrita-
tion.
Cutaneous application of extracts of celery
diseased by fungi other than SclerotinAa did not
produce positive responses. Thus, it was estab-
lished that only &lerotinia scierotiorum produces
the characteristic pink-rot disease of celery as-
sociated with the dermatitis.
A simple method for the laboratory produetioll
of pink-rot celery is described.
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